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Summary. Exogenous glucagon or epinephrine were
infused into normal overnight fasted dogs to raise
circulating hormone levels to concentrations within
the physiologic range. Plasma levels of glycerol and
free fatty acids remained unchanged during the
glucagon infusion, but rose significantly during the
administration of epinephrine. Plasma insulin in the
systemic circulation remained unchanged during the
glucagon infusion and increased slightly during the
infusion of the catecholamine. The data suggest that in
normal dogs glucagon in physiological amounts has no
lipolytic effect. The importance of the sympathetic
nervous system in regulating lipolysis in normal mam-
mals is stressed.
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The metabolic role of glucagon in man is still contro-
versial [25, 21]. In particular, it is not certain whether
the lipolytic effect of pharmacological amounts of
glucagon well known to occur both in vitro [8] and in
vivo [15], is of physiological significance. In 1966,
Lefebvre et al. [14] reported that infusions of
physiological quantities of glucagon into the portal
vein of dogs were associated with an increase in the
plasma concentrations of free fatty acids (FFA). Un-
fortunately, they were unable at that time to measure
circulating levels of this hormone during those experi-
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ments. However, Cherrington et al. [3] infused
physiological quantities (calculated) systemically into
pancreatectomized dogs and were unable to confirm
Lefébvre’s findings, i.e. plasma FFA levels did not
change.

In an attempt to resolve the question of whether or
not the infusion of physiological quantities of gluca-
gon is associated with lipolysis, dogs were infused with
this hormone, and circulating levels of glucagon were
monitored. Since it was adipose tissue lipolysis that
was of interest, glucagon was administered into the
systemic circulation to minimize its effect, if any, on
hepatic lipid metabolism under these conditions. For
comparison, epinephrine was infused in a similar
fashion.

The amounts of the two hormones to be adminis-
tered were chosen such that their respective plasma
concentrations would not exceed those observed in
pathophysiological situations. One such situation is
insulin-induced hypoglycaemia in dogs, during which
epinephrine secretion rates of close to 200 ug/kg/min
and plasma glucagon increases of three times baseline
values have been observed [13]. In addition, diabetic
ketoacidosis and hyperosmolar coma in man may be
associated with markedly increased levels of glucagon
[11, 16].

Material and Methods

Adult, overnight fasted mongrel dogs weighing be-
tween 20 and 32 kg were studied. Bilateral jugular
vein catheters were inserted at least three days prior to
the experiments. The tip of the right jugular vein
catheter (infusion vessel) rested in the right auricle,
while the tip of the left jugular vein (blood sampling
vessel) catheter lay in the arch of the left subclavian
vein.
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Glucagon (Eli Lilly, lot no. 6PD 86C) was infused
into four dogs at a rate of 3.5 ng/kg/min in saline
containing 8/1000 dog serum (v/v). Epinephrine
(Parke-Davis, lot no. LB104) was given at 200
ng/kg/min in saline in five dogs. In both types of
experiments the volume infused over 60 min was 52
ml. The insulin content of similar glucagon prepara-
tions amounts to 0.02% (i.e. 100 ng of glucagon con-
taining 0.02 ng of insulin).

Blood samples were collected as follows: six ml
(for glucose, glucagon, insulin) into a tube containing
12 mg EDTA Na, and 0.3 ml of Trasylol' (500 Kal-
likrein Inhibitor Units per ml of blood), two ml (for
free fatty acids) into a tube containing sodium hepa-
rin, and another two ml into a tube containing two mi
(for glycerol) of perchioric acid (30 per cent). Glucose
was measured in a Technicon autoanalyser using fer-
ricyanide according to Hoffman et al. [9]. Free fatty
acids were determined by the Trout, Estes and Fried-
berg [23] modification of the Dole method [4].
Glycerol was measured enzymatically [2]. Insulin and
glucagon were determined by radioimmunoassay, as
described [22, 24, 12]. The glucagon antiserum 30-K,
specific for pancreatic glucagon, was kindly donated
by Dr. R.H. Unger, University of Texas, Southwest-
ern Medical School, Dallas.

Results

The elevation of plasma glucagon obtained by an infu-
sion of 3.5 ng/kg/min was accompanied by a rise in
plasma glucose of 4, 5 and 12 mg per 100 ml respec-
tively in 3 dogs, whereas a fall of 5 mg per 100 ml was
observed in the fourth animal (Fig. 1). Neither the
levels of FFA nor those of glycerol were significantly
altered by the glucagon infusion. Similarly, no change
in plasma insulin was detected in the systemic circula-
tion.

In contrast to the above, epinephrine significantly
increased plasma levels of both FFA and glycerol (Fig.
2). As an additional measure of control the heart rate
was assessed in these animals by palpation. It was, as
one would expect, elevated to 150 beats per min.
Modest, but significant, rises of plasma insulin and
glucose levels were observed at 15 to 30 min of the
infusion, in agreement with Robertson’s data in hu-
mans [18]. In contrast to the results of Gerich et al. [5]
obtained in man, the epinephrine infusion was not
accompanied by an increase in plasma glucagon. The
experimental protocol used in this study cannot, how-
ever, exclude a small rise of glucagon in the portal
circulation.

! Trasylol®, registered in Germany; gift from Dr. Ruff, Bayer-
Pharma A.G., Ziirich, Switzerland
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Fig. 1. The effect of glucagon on plasma levels of glucose, FFA,
glycerol, insulin and glucagon. Glucagon was infused for one hour at
a rate of 3.5 ng/kg/min into four dogs. Means + SEM are given.
With the exception of glucagon, no significant changes in levels
were noted
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Fig. 2. The effect of epinephrine on heart rate and the plasma

concentrations of glucose, FFA, glycerol, insulin and glucagon.

Epinephrine was infused for one hour at a rate of 200 pg/kg/min

into 5 dogs. Mean + SEM are given. Statistically significant differ-

ences (p < 0.05) are indicated by open circles. Paired t-tests were
used
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Discussion

The purported relationship between glucagon and
lipolysis has been derived from two types of experi-
ments: (a) the findings that pharmacological amounts
of glucagon are lipolytic, as mentioned in the intro-
duction, and (b) the fact that glucagon secretion de-
creased in experiments in which plasma levels of FFA
were elevated [20, 10, 17, 6]. The latter problem is
discussed elsewhere [13].

Only a few investigators have tested the effects of
glucagon by using it in physiological amounts. To de-
lineate the role of a hormone in physiological and
pathophysiological circumstances, only this approach
can give a meaningful answer. It is, in addition, neces-
sary to measure the hormone levels achieved by such
infusions. The present experiments show that, in dogs,
elevations of plasma glucagon in the physiologicrange
do not alter circulating FFA and glycerol levels. The
fact that systemic insulin levels did not change
minimized the possibility that augmented insulin con-
centrations could have counteracted a possible lipo-
Iytic effect of glucagon, as described by Liljenquist et
al. [15]. An antilipolytic effect of the insulin present at
baseline, however, cannot be excluded. Epinephrine
administered in the same experimental conditions
caused a significant increase in the levels of FFA and
of glycerol. If plasma concentrations of FFA or of
glycerol accurately reflect adipose tissue lipolysis [1]
these results suggest that elevations of plasma gluca-
gon in the physiologic or pathophysiologic range are
not associated with increased adipose tissue lipolysis.

The present results also confirm those obtained by
Cherrington et al. [3], who were unable to elevate
FFA concentrations in pancreatectomized dogs by an
infusion of increasing amounts of glucagon in the pres-
ence of a constant insulin infusion. Similarly, gluca-
gon failed to elevate plasma FFA in humans in the
studies of Schade et al. [19]. Our results are, however,
in contradiction to those obtained by Lefebvre et al.
(14; see introduction). This difference is possibly due
to the fact that Lefébvre infused glucagon into the
portal rather than the systemic circulation. It might be,
therefore, that elevated portal glucagon levels pro-
mote lipolysis from hepatic triglycerides or alter the
uptake and/or metabolism of FFA in the liver. As
reported recently by Gerich et al. [7] an infusion of
physiologic amounts of glucagon in humans had
lipolytic activity when infused together with somatos-
tatin. This effect probably reflects the isolated effect
of glucagon when other antilipolytic agents, among
them insulin, are completely suppressed by the infu-
sion of somatostatin. It appears therefore that gluca-
gon can express its lipolytic effect on adipose tissue
only when it is given either in pharmacologic amounts
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or when most antilipolytic agents, such as insulin, are
excluded.

The effects of epinephrine as described here, are
not new [4, 1]. In conjunction with the results ob-
tained with glucagon, however, they stress the prima-
cy of the sympathetic nervous system in promoting
lipolysis in situations of energy need.
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